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METHOD FOR MANUFACTURING ARTIFICIAL GRAPHITE ELECTRODE

The present invention provides a method for producing an artificial graphite electrode that enables kneading
and subsequent mixing to be carried out without having to increase an amount of binder pitch used even in the case of
needle coke having a large pore volume. An artificial graphite electrode is produced by kneading binder pitch with needle
coke, and performing extrusion molding and then performing baking and graphitization treatment on the same, wherein
a process for kneading the binder pitch with needle coke includes at least two separate kneading stages, and the amount
of binder pitch added and kneading time in these kneading stages satisfy a kneading index as represented by formula
(1) below within a range of 0.1 to 0.7.
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Description
[Technical Field]

[0001] The present invention relates to a method for producing an artificial graphite electrode, and more particularly,
to a method for producing an electrode for electric furnace steel used when producing electric furnace steel by electric
furnace steelmaking.

[Background Art]

[0002] Artificial graphite electrodes use coal-based or petroleum-based needle coke as aggregate which is then hard-
ened with a binder in the form of binder pitch, and are widely used as electrodes for electric furnace steelmaking. These
artificial graphite electrodes are produced by crushing needle coke to adjust to a prescribed particle size followed by
mixing (kneading) with binder pitch and then performing extrusion molding and performing baking and graphitization
treatment on the same. Furthermore, graphitization treatment may be carried out following baking treatment after having
impregnated with impregnation pitch and performing secondary baking treatment as necessary.

[0003] During production of artificial graphite electrodes, the process for kneading the needle coke and binder pitch
is an important process that has an effect on various performance parameters of the artificial graphite electrode, such
as the coefficient of thermal expansion (CTE) or irreversible swelling phenomena (puffing) during graphitization. This
kneading process is carried out with a kneader at a temperature equal to or higher than the softening point of the binder
pitch. In the subsequent baking process, extrusion rate is maintained at a constant rate by adjusting the amount of binder
pitch added during kneading or adjusting the molding pressure in the extrusion process in order to maintain electrode
quality and productivity at prescribed levels.

[0004] The amount of binder pitch used is related to the pore volume of the needle coke, and a larger amount of binder
pitch is required the larger the pore volume of the needle coke. The amount of binder pitch used is also related to the
extrusion molding process following kneading with a kneader, and in order to extrude at a constant extrusion rate, it is
necessary to increase the amount of binder pitch in the case the needle coke has a large pore volume. Consequently,
in the case of needle coke having a large pore volume, molding cannot be carried out unless the molding pressure is
increased in order to ensure adequate kneading with the increase amount of binder pitch, and this may not be possible
as aresult of exceeding the limits of the extrusion molding equipment depending on the capacity thereof. A large amount
of volatile components are also formed from the large amount of binder pitch used during baking, possibly resulting in
cracking of the electrode.

[0005] PTL 1 discloses that finely crushed coal tar pitch (secondary binder) having a softening point of 150°C or higher
and fixed carbon content of 65% to 75% is preliminary mixed as a portion of the binder component with needle coke,
and this mixture is then subjected to extrusion molding, after having kneaded with coal tar pitch (permanent binder)
having a softening point of 85°C to 105°C and fixed carbon content of 55% to 65% serving as the remainder of the binder
component, followed by carrying out baking and graphitization treatment in accordance with ordinary methods. In this
case, it is essential that the secondary binder, having a softening point of 150°C or higher that differs from that of the
permanent binder, be mixed in advance.

[0006] PTL 2 discloses a method for producing a graphite electrode that uses petroleum-based needle coke having
a real density of 2.150 or higher obtained by calcining at 1500°C to 1700°C instead of using a large amount of binder
pitch, wherein binder pitch having a softening point of 100°C to 150°C is used for the binder. In this case, binder pitch
having a higher than normal softening point of 100°C to 150°C is essential for use as the binder pitch, and the needle
coke also has a high calcination temperature.

[Citation List]
[Patent Literature]
[0007]

[PTL 1] Japanese Patent Application Publication No. S63-74961
[PTL 2] Japanese Patent Application Publication No. H05-28998

[Summary of Invention]

[0008] As has been described above, in the case of using needle coke having a large number of pores in a method
for producing an artificial graphite electrode, extrusion molding cannot be carried out unless the molding pressure is
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increased or the amount of binder pitch used is increased in order to achieve a constant molding rate during extrusion
molding. In addition, when the amount of binder pitch used is increased, a larger amount of volatile components is
produced at the temperature at which the binder pitch carbonizes during baking, thereby resulting in cracking of the
electrode or decreased specific gravity.

[0009] Therefore, the present invention provides a method for producing an artificial graphite electrode that enables
kneading and subsequent extrusion molding without having to increase the amount of binder pitch used even in the
case of needle coke having a large pore volume.

[0010] As a result of conducting extensive studies to solve the above-mentioned problem, the inventors of the present
invention found that by having a process for kneading binder pitch with needle coke including at least two separate
kneading stages and setting the amount of binder pitch added during these kneading stages to be within a prescribed
range, the above-mentioned problems can be solved, thereby leading to completion of the present invention.

[0011] Namely, the present invention is a method for producing an artificial graphite electrode by kneading binder
pitch with needle coke, and then performing extrusion molding and performing baking and graphitization treatment on
the same, wherein a process for kneading the binder pitch with needle coke includes at least two separate kneading
stages, and the amount of binder pitch added and kneading time in these kneading stages satisfy a kneading index as
represented by formula (1) below within a range of 0.1 to 0.7.

Kneading index = (al/A) x (tl/T) (1)

[0012] Here, A indicates a total amount of binder pitch used in the kneading process, and a1 indicates the amount of
binder pitch used in the first kneading stage. T indicates a total kneading time of the kneading process, and t1 indicates
the kneading time of the first kneading stage.

[0013] Furthermore, the amount of binder pitch used (wt%) (non-inclusive) is the amount based on 100 wt% of the
amount of needle coke used.

[0014] In the above-mentioned production method, the needle coke preferably has a real density of 2.00 or higher
and pore volume of 0.10 cc/g to 0.30 cc/g over a pore diameter of 0.01 um to 120 pm.

[0015] In this case, pore physical properties are measured by mercury porosimetry using a coke particle size of 2 mm
to 5 mm, and the measurement conditions thereof consist of a contact angle between the mercury and needle coke of
141.2° and mercury surface tension of 480 dyn/cm.

[0016] In the above-mentioned production method, the binder pitch preferably has a softening point of 70°C to 150°C
and B-resin content of 15 wt% to 30 wt%.

[0017] In this case, the B-resin content is measured according to the solvent analysis method of JIS K2425, and
indicates the difference between toluene-insoluble components and quinoline-soluble components.

[0018] According to the present invention, kneading and subsequent extrusion molding are possible without having
to increase the amount of binder pitch used even in the case of needle coke having a large number of pores. Electrode
quality and productivity can be maintained a prescribed levels since the extrusion rate during the extrusion molding
process can be maintained at a constant rate. Consequently, in the case of making the pressure of the extrusion molding
process to be the same as that of conventional levels, extrusion molding is possible even if the amount of binder pitch
used is lower than the normal amount. On the other hand, since it is not necessary to increase the amount of binder
pitch used, the pressure in the extrusion molding process can be lowered, thereby making it possible to contribute to
considerable energy savings.

[0019] Furthermore, various performance parameters of the artificial graphite electrode obtained according to the
production method of the present invention, such as bulk density, coefficient of thermal expansion or puffing, are either
comparable to or better than those in the case of having produced an artificial graphite electrode according to a con-
ventional method.

[Brief Description of Drawings]

[0020]
Fig. 1 is a graph indicating the relationship between kneading index and molding pressure in an example of the
present invention.

Fig. 2 is a CT tomographic image of a kneaded particle of Example 1.
Fig. 3 is a CT tomographic image of a kneaded particle of Comparative Example 1.



10

15

20

25

30

35

40

45

50

55

EP 3 431 458 A1
[Description of Embodiments]

[0021] In the production method of the present invention, in the process for kneading binder pitch with needle coke,
the binder pitch is added by dividing the number of additions over two or more times when kneading the needle coke
and binder pitch. In the case of using ordinary needle coke, the upper limit of the amount of binder pitch that enables
extrusion molding is 35 wt% (based on a value of 100 wt% of needle coke hen not including the amount of binder pitch,
to apply similarly hereinafter).

[0022] In the case of using needle coke having a large pore volume with a standard amount of binder pitch of 25 wt%,
for example, extrusion molding cannot be carried out by ordinary methods due to the absence of a constant extrusion
rate unless the amount of needle coke is increased to, for example, 27 wt%. In addition, it is necessary to increase
molding pressure in order to achieve a constant extrusion rate using the same 25 wt% of binder pitch. If a larger than
normal amount of binder pitch is used to achieve a constant extrusion rate, gas is generated from the binder pitch during
baking that has a high likelihood of leading to cracking of the electrode. However, use of the present invention enables
extrusion molding at an extrusion rate equal to that of the prior art after having kneaded at 25 wt% of binder pitch even
in the case of having used needle coke having a large pore volume.

[0023] In the kneading process, when considering the example of the case of using 25 wt% of binder pitch to 100 wt%
of needle coke, kneading is carried out by adding 10 wt% of the 25 wt% of binder pitch in the first stage of kneading and
kneading for a certain period of time followed by adding the remaining 15 wt% in the second stage of kneading and
kneading for a certain period of time. The added amount of binder pitch and kneading time during first stage of kneading
is required to be determined so that the kneading index as represented by the above-mentioned formula (1) is within
the range of 0.1 t0 0.7.

[0024] As a result of making the kneading index to be within this range, kneading and subsequent extrusion molding
are possible without having to increase the amount of binder pitch used even in the case of needle coke having a large
pore volume. Although the mechanism thereof is unclear, in addition to volatile components being dissipated due to the
first stage of kneading, the viscosity of the binder pitch increases and a solidified layer of binder pitch is formed on the
pore surfaces (shallow portions). Consequently, binder pitch added starting in the second stage of kneading accumulates
on the pore surfaces due to the solidified layer of binder pitch formed in the first stage of kneading without penetrating
to the deeper portions of the pores. In addition, binder pitch that has accumulated on the pore surfaces is able to act as
alubricant during extrusion molding. Accordingly, even in the case of needle coke having a large pore volume, subsequent
extrusion molding can be carried out without having to increase the amount of binder pitch used.

[0025] Inthe case the kneading index is less than 0.1, the kneaded state formed between the needle coke and binder
pitch in the first stage of kneading is inadequate due to an insufficient amount of binder pitch added during the first stage
of molding and the shortened kneading time. If the kneading index exceeds 0.7, there is no difference in molding pressure
in the case of having the entire amount of binder pitch in a single round of kneading as in ordinary methods, thereby
making this ineffective. Thus, the kneading index is preferably within the range of 0.15 to 0.70 and more preferably within
the range of 0.20 to 0.50.

[0026] Here, the use of at least two separate kneading stages means that the addition of pitch binder is carried out in
two or more stages, and operation of a kneader or other kneading equipment may be continuous or the binding pitch
may be added after temporarily discontinuing kneading. The kneading time during the first stage of kneading is preferably
5 minutes or more and the kneading time during the second stage of kneading is preferably 3 minutes or more.

[0027] The second stage of kneading is carried out after the first stage of kneading. During the second stage of
kneading, the amount of binder pitch used relative to needle coke may be the amount of binder pitch remaining after
having subtracted the amount of binder pitch used in the first stage of kneading, and the kneading time may also be the
amount of time remaining after having subtracted the kneading time of the first stage of kneading. Namely, it is not
necessary to greatly change the overall amount of binder used and kneading time. Furthermore, multiple stages of
kneading, such as a third stage of kneading, can be added beyond the second stage of kneading as necessary. In the
case of providing three or more kneading stages, the used amount of binder pitch and kneading time can be reduced
in the second stage of kneading.

[0028] There are no particular limitations on the needle coke used, and coal-based needle coke or petroleum-based
needle coke can be used. The present invention is effective in cases of using needle coke having a larger amount of
pores (pore volume) than normal. The use of needle coke having a large amount of pores (pore volume) is advantageous
for inhibiting puffing.

[0029] The pore volume of the needle coke indicates the volume measured by mercury porosimetry using a coke
particle size of 2 mm to 5 mm, and pore volume for a pore diameter of 0.01 wm to 120 um is preferably 0.10 cc/g to 0.30
cc/g, more preferably 0.10 cc/g to 0.25 cc/g, and even more preferably 0.13 cc/g to 0.20 cc/g. In this case, pore diameter
is calculated using the contact angle between the mercury and needle coke of 141.2° and mercury surface tension of
480 dyn/cm. In the case pore volume is less than 0.10 cc/g, the effect demonstrated by the present invention is low due
to the low pore volume. In the case pore volume exceeds 0.30 cc/g, the amount of binder pitch required becomes
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excessively large, resulting in inferior eligibility as needle coke for the production of a graphite electrode.

[0030] The softening point of the binder pitch used as binder is preferably 70°C to 150°C and the B-resin content is
preferably 15% to 30%. If the softening point is lower than 70°C, viscosity becomes excessively low preventing the
binder pitch from penetrating to the deepest portions of the needle coke pores, and thereby preventing the effects of the
present invention from being adequately demonstrated. If the softening point exceeds 150°C, the temperature of the
kneader used for kneading must be raised to forcibly lower the viscosity of the binder pitch, which is disadvantageous
in terms of production efficiency. The softening point is more preferably 80°C to 130°C and particularly preferably 90°C
to 120°C.

[0031] The same type of binder pitch, such as that having the same softening point, may be kneaded in two separate
kneading stages, or different kinds of binder pitch, such as those having different softening points, may be kneaded in
a first stage of kneading and a second stage of kneading. The pore diameter of the needle coke in which the binder
pitch enters or the amount of binder pitch that enters the needle coke can be adjusted by changing the softening point
of the binder pitch, such as by kneading using a binder pitch having a high softening point in the first stage of kneading
and using a binder pitch having a low softening point in the second stage of kneading.

Examples

[0032] Although the following provides a more detailed explanation of the present invention through examples and
comparative examples thereof, the present invention is not limited to these examples.

Example 1

[0033] Coal-based needle coke having a real density of 2.15 and pore volume as measured with a mercury porisometer
of 0.136 cc/g was used for the needle coke. This needle coke was crushed with a jaw crusher and passed through a 8
to 16 mesh (Me’) sieve followed by mixing the material on and below the sieve, crushing with a hammer crusher and
sieving to sizes of 48 Me’ to 200 Me’ and 200 Me’ or smaller. After combining each particle size distribution at 40% (8
Me’ to 16 Me’), 35% (48 Me’ to 200 Me’) and 25% (200 Me’ or smaller) in order of increasing particle diameter, this
needle coke was kneaded with binder pitch (BP) in two stages. The binder pitch used had a softening point of 97°C and
B-resin content of 20%. In other words, 25 wt% of the total amount of binder pitch used was incorporated based on 100
wt% of the needle coke in terms of the kneading process, and kneading was carried out for 20 minutes at 160°C. In this
kneading process, 12.5 wt% of the amount of binder pitch was incorporated in the first stage of kneading followed by
kneading for 7.5 minutes, after which the remaining 12.5 wt% was incorporated in the second stage of kneading while
maintaining the same temperature followed by additionally kneading for 12.5 minutes. The kneading index in this case
was 0.19.

[0034] Following kneading, molding pressure was adjusted to a constant extrusion rate of 7 cm/min with an extruder
and that pressure was used for the extrusion pressure. In addition, as for CTE a sample for measurement of CTE was
obtained by extrusion molding to a size of 20 mm¢ X 100 mm followed by baking at 900°C and then graphitizing at
2500°C. CTE was measured by measuring the average coefficient of thermal expansion over the range from room
temperature to 500°C.

[0035] The results are shown in Table 1.

Examples 2to 5

[0036] Graphite electrodes were produced in the same manner as Example 1 with the exception of changing the
kneading conditions and molding conditions to those shown in Table 1. The results are similarly shown in Table 1.

Comparative Example 1

[0037] A graphite electrode was produced in the same manner as the examples with the exception of molding after
having kneaded by incorporating the entire 25 wt% of binder pitch all at once instead of dividing kneading of the binder
pitch and kneader coke into two stages as in conventional methods. The results are also similarly shown in Table 1.
[0038] The relationship between kneading index and molding pressure is collectively shown for Examples 1 to 5 in
Fig. 1. Furthermore, values are shown using the value of molding pressure of Comparative Example 1 (13.5 MPa) for
the base line.

[0039] Mixed particles having a diameter of 1 mm to 2 mm were sampled from the kneaded products of Example 1
and Comparative Example 1 and computed tomography was carried out at a resolution of 3 wm using an X-ray CT
system (TUX-3200N, Mars Tohken Solution Co. , Ltd.) followed by reconstructing into 3D images. Tomographic images
were obtained from random cross-sections of the reconstructed 3D images. A typical tomographic image of Example 1
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is shown in Fig. 2, while a typical tomographic image of Comparative Example 1 is shown in Fig. 3. In contrast to the
thickness of the binder pitch distributed around the needle coke being substantially uniform in Fig. 2, the thickness of
the binder pitch is not uniform in Fig. 3.

[Table 1]
First stage Second stage
kneading kneading
Total amt. Kneading Molding CTE (X
of BP (wt%) | Amtof | | AmtofBP | Time index | pressure (MPa) | 10-6/°C)
(v?t;;) (min) (Wt%) (min)

C°m1p'EX' 25 25 20 1.00 135 1.29
Ex.1 25 125 7.5 12,5 12,5 0.19 12.6 1.28
Ex.2 25 125 10 12,5 10 0.25 12.1 1.23
Ex.3 25 15 15 10 5 0.45 11.4 1.23
Ex.4 25 18 10 7 10 0.36 10.9 1.22
Ex.5 25 22 15 3 5 0.66 12.7 1.28

[Industrial Applicability]

[0040] Accordingtothe production method ofthe presentinvention, electrode quality and productivity can be maintained
at prescribed levels without having to increase the amount of pitch binder used even in the case of needle coke having
a large number of pores, contributions can be made to considerable energy savings and the resulting artificial graphite
electrode demonstrates superior coefficient of thermal expansion, puffing and other performance parameters, thereby
making the resulting electrode useful as an electrode for electric furnace steelmaking when producing electric furnace
steel by electric furnace steelmaking.

Claims

1. A method for producing an artificial graphite electrode by kneading binder pitch with needle coke, and performing
extrusion molding and then performing baking and graphitization treatment on the same, wherein
a process for kneading the binder pitch with needle coke includes at least two separate kneading stages, and
the amount of binder pitch added and kneading time thereof in these kneading stages satisfy a kneading index as
represented by formula (1) below within a range of 0.1 to 0.7:

Kneading index = (al/A) x (tl/T) (1)

where, A indicates a total amount of binder pitch used in the kneading process, a1 indicates the amount of binder
pitch used in the first kneading stage, T indicates a total kneading time of the kneading process and t1 indicates the
kneading time of the first kneading stage.

2. The method for producing an artificial graphite electrode according to claim 1, wherein the needle coke has a real
density of 2.00 or higher and pore volume of 0.10 cc/g to 0.30 cc/g over a pore diameter of 0.01 um to 120 pum.

3. The method for producing an artificial graphite electrode according to claim 1 or 2, wherein the binder pitch has a
softening point of 70°C to 150°C and a B-resin content of 15 wt% to 30 wt%.

4. The method for producing an artificial graphite electrode according to any of claims 1 to 3, wherein the kneading

index is within a range of 0.15 to 0.70.
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[Fig. 3]




10

15

20

25

30

35

40

45

50

55

EP 3 431 458 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2017/010573

A.  CLASSIFICATION OF SUBJECT MATTER
C04B35/532(2006.01)1i, C01B32/205(2017.01)n

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
C01B32/00-32/991, C04B35/52-35/536, C21C5/52, C25B11/12,
HO5B3/03, HO5B7/00-7/22

F27D11/10,

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

Jitsuyo Shinan Koho 1922-1996
Kokai Jitsuyo Shinan Koho 1971-2017

Jitsuyo Shinan Toroku Koho
Toroku Jitsuyo Shinan Koho

1996-2017
1994-2017

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

Y JP 5-28998 A
A 05 February 1993
claim 1; paragraphs
(Family: none)

Y JpP 5-238716 A
A Ltd.),

17 September 1993
claim 1; paragraphs [0002],
[0012], [0021], [0023];
(Family: none)

(Nippon Steel

Y JP 5-139833 A
Ltd.),

08 June 1993 (08.06.1993),
claims; paragraph [0001]
(Family: none)

(Nippon Steel

(Mitsubishi Kasei Corp.),
(05.02.1993), 2
[0018] to

(17.09.1993),

table 1

1,3-4

[0020]
Chemical Co., 1,3-4
2

[0008], [0011l] to

Chemical Co., 3

Further documents are listed in the continuation of Box C.

|:| See patent family annex.

* Special categories of cited documents:

“A”  document defining the general state of the art which is not considered to
be of particular relevance

“E”  earlier application or patent but published on or after the international filing
date

“L”  document which may throw doubts on priority claim(s) or which is
cited to establish the publication date of another citation or other
special reason (as specified)

“Q”  document referring to an oral disclosure, use, exhibition or other means

“P”  document published prior to the international filing date but later than the
priority date claimed

“T” later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

“X”  document of particular relevance; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
step when the document is taken alone

“Y”  document of particular relevance; the claimed invention cannot be
considered to involve an inventive step when the document is
combined with one or more other such documents, such combination
being obvious to a person skilled in the art

“&”  document member of the same patent family

Date of the actual completion of the international search
19 May 2017 (19.05.17)

Date of mailing of the international search report
30 May 2017 (30.05.17)

Name and mailing address of the ISA/
Japan Patent Office
3-4-3,Kasumigaseki,Chiyoda-ku,

Tokyo 100-8915,Japan

Authorized officer

Telephone No.

Form PCT/ISA/210 (second sheet) (January 2015)




10

15

20

25

30

35

40

45

50

55

EP 3 431 458 A1

INTERNATIONAL SEARCH REPORT International application No.

PCT/JP2017/010573

C (Continuation).

DOCUMENTS CONSIDERED TO BE RELEVANT

Category*

Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

JP 2009-542842 A (GrafTech International
Holdings Inc.),

03 December 2009 (03.12.2009),

claims

& US 2008/0003167 Al

claims

& GB 2451387 A & WO 2008/005125 Al
& CN 101663375 A

1-4

Form PCT/ISA/210 (continuation of second sheet) (January 2015)

10




EP 3 431 458 A1
REFERENCES CITED IN THE DESCRIPTION
This list of references cited by the applicant is for the reader’s convenience only. It does not form part of the European
patent document. Even though great care has been taken in compiling the references, errors or omissions cannot be
excluded and the EPO disclaims all liability in this regard.

Patent documents cited in the description

 JP S6374961 B [0007] * JP H0528998 B [0007]

1"



	bibliography
	abstract
	description
	claims
	drawings
	search report
	cited references

